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Abstract
The lifestyle recommendations of the World Cancer Research Fund (WCRF)/American Institute for Cancer Research (AICR) are primarily
intended for cancer prevention. In the absence of specific recommendations for cancer survivors, we investigated adherence of colorectal
cancer (CRC) survivors to the WCRF/AICR lifestyle recommendations and associations with health-related quality of life (HRQoL). The cross-
sectional part of the Energy for life after ColoRectal cancer (EnCoRe) study was conducted in 155 CRC survivors (stage I-III), 2–10 years post
diagnosis. Dietary intake, physical activity and general body fatness were measured by 7-d food diaries, by questionnaires and accelerometers
and BMI, respectively. Adherence to each of the ten WCRF/AICR recommendations was scored as 0 (no/low adherence), 0·5 (moderate
adherence) or 1 point (complete adherence), and summed into an overall adherence score (range: 0–10). HRQoL, disability and distress were
assessed by validated questionnaires. Associations of the overall WCRF/AICR adherence score with HRQoL outcomes were analysed by
confounder-adjusted linear regression. The mean adherence score was 5·1 (SD 1·4, range: 1·5–8·5). In confounder-adjusted models, a higher
adherence score was significantly associated with the HRQoL dimension better physical functioning (β per 1 point difference in score: 2·6;
95% CI 0·2, 5·1) and with less fatigue (β: −3·3; 95% CI −6·4, −0·1). In conclusion, higher adherence of CRC survivors to WCRF/AICR lifestyle
recommendations for cancer prevention was associated with better physical functioning and with less fatigue. This study adds to the limited
knowledge on adherence to lifestyle behaviours in CRC survivors and relationships with quality of life. Prospective studies are needed to
investigate longitudinal associations.
Key words: Lifestyle recommendations: Health-related quality of life: Colorectal cancer survivors
There is a steady increase in the number of colorectal cancer
(CRC) survivors worldwide(1). After being diagnosed with CRC,
a healthy lifestyle may be highly relevant in terms of survival,
recurrence and co-morbidities, as well as treatment-related
health and functioning problems, and health-related quality of
life (HRQoL) of CRC survivors(2).
Results of a number of studies suggest that a healthy lifestyle
after CRC diagnosis – for example maintaining a healthy body
weight, being physically active on a regular basis and limiting
the consumption of unhealthy foods such as red and processed
meat and refined carbohydrates – may improve clinical out-
comes including disease recurrence and survival(3). In addition,
Abbreviations: CRC, colorectal cancer; EnCoRe, Energy for life after ColoRectal cancer; HRQoL, health-related quality of life; MVPA, moderate-to-vigorous
physical activity; PA, physical activity; QoL, quality of life; WCRF/AICR, World Cancer Research Fund/American Institute for Cancer Research.
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a number of studies have shown significant associations of
single lifestyle recommendations, such as physical activity
(PA)(4,5) and obesity(5,6), with HRQoL outcomes. However, to
date, very little is known regarding associations of dietary fac-
tors with HRQoL in CRC survivors(7). Moreover, only few stu-
dies have investigated associations of adherence to a
comprehensive set of lifestyle recommendations with HRQoL in
CRC survivors. Developed summary measures take multiple
lifestyle factors into account and therefore give a good reflec-
tion of an overall lifestyle quality. These studies have usually
been performed in mixed cancer survivor populations, includ-
ing CRC and other cancers(8).
The level of adherence to a combination of lifestyle recom-
mendations in CRC survivors has been investigated in
several studies. Lemasters et al.(9) found that female CRC sur-
vivors shortly after CRC diagnosis were more likely to meet
recommendations of fruit/vegetable intake and BMI, but
less likely to meet alcohol and PA recommendations, in com-
parison with individuals without a history of cancer. Grimmett
et al.(7) reported that the majority of long-term CRC survivors
were overweight/obese, not physically active and not
meeting fruit/vegetable recommendations. This is in line
with findings of Schlesinger et al.(10), who reported that
only 23% of long-term CRC survivors adhered to all four
investigated lifestyle recommendations comprising BMI, healthy
diet, PA and smoking. However, as these studies use
different sets of lifestyle elements, comparison of results is
difficult as the lifestyle factors used in the set differ between
studies, as well as operationalisation of the lifestyle factors.
Another way of looking at lifestyle is using existing lifestyle
scores based on recommendations to investigate adherence
to lifestyle behaviours in a more standardised way. In the
absence of specific lifestyle recommendations for cancer
survivors, the World Cancer Research Fund (WCRF)/American
Institute for Cancer Research (AICR) currently advises
cancer survivors to follow the lifestyle recommendations for
the prevention of cancer(11,12). These recommendations are
based on extensive systematic reviews of the relevant
literature on food, nutritional aspects, PA, body weight and
cancer, and contain a range of lifestyle recommendations
that can be operationalised into a lifestyle score that can be
used to study overall lifestyle quality(13). As the recommenda-
tions focus on body composition, PA and dietary factors,
smoking is not part of this score. In CRC survivors, only one
study of Winkels et al.(14) used the WCRF/AICR lifestyle
recommendations to study adherence to lifestyle recommen-
dations. Thus, there is a need to increase knowledge on
adherence of CRC survivors to an existing comprehensive set
of lifestyle recommendations reflecting lifestyle quality and
to study associations of lifestyle quality with outcomes of
HRQoL in CRC survivors.
The aim of this cross-sectional study was to describe CRC
survivors’ adherence to the WCRF/AICR lifestyle recommen-
dations for cancer prevention and to study how adherence is
associated with relevant HRQoL outcomes, including global
quality of life (QoL), physical functioning, fatigue, disability and
distress. We hypothesised that a healthier lifestyle would be
associated with better HRQoL.
Methods
Study design and participants
Data from the Energy for life after ColoRectal cancer (EnCoRe)
study were used. The EnCoRe study is composed of two parts: a
prospective cohort study in stage I-III CRC survivors followed
up from diagnosis until 2 years post treatment, and a cross-
sectional study in stage I to III CRC survivors diagnosed and
treated between 2002 and 2010 at Maastricht University Medical
Center + , the Netherlands(15). For the present analysis, data of
the cross-sectional part of the EnCoRe study were used. Patients
were preselected via the Netherlands Cancer Registry (NCR;
managed by Comprehensive Cancer Centre the Netherlands).
Participant recruitment and data collection were performed
between May 2012 and December 2013. A total of 373 eligible
CRC survivors were invited to participate, of whom 155 were
included (response rate 42%; online Supplementary Fig. S1).
Reasons for exclusion of potential participants are shown in the
online Supplementary Fig. S1. Ethical approval was obtained
from the Medical Ethics Committee of Maastricht University and
University Hospital Maastricht, the Netherlands, and written
informed consent was obtained from all participants.
To systematically investigate lifestyle and HRQoL in CRC
survivors, we have previously developed a conceptual frame-
work(15) based on the International Classification of Function-
ing, Disability and Health (ICF). The ICF is a biopsychosocial
classification of health and functioning developed by the
WHO(16). Relevant factors were identified from the literature
and mapped within the ICF framework; this conceptual model
was used to identify relevant variables to be included in the
present analysis(15).
Data collection and data processing
Study data were collected at patients’ homes by trained research
dietitians, according to standard operating procedures.
World Cancer Research Fund/American Institute for Cancer
Research lifestyle recommendations, score construction and
operationalisation
The WCRF/AICR lifestyle recommendations comprise recom-
mendations on aspects of body composition, PA and diet. In
this study, we included the WCRF/AICR recommendations
regarding body fatness, PA, energy-dense foods, plant foods,
meat consumption, alcoholic drinks and dietary supplements.
We did not operationalise the salt restriction recommendation,
as it is difficult to assess salt intake and participants were not
requested to specifically report the addition of salt to meals. In
addition, we did not operationalise the breast-feeding recom-
mendation as it was not relevant for this population(11). An
overview of the applied WCRF/AICR lifestyle (sub)recommen-
dations, as well as the operationalisation of the recommenda-
tions, and scoring thereof are shown in Table 1.
The first recommendation is to limit body fatness by being as
lean as possible without becoming underweight. To operationalise
the body fatness recommendation, body height (m) and weight
(kg) measurements were used to calculate BMI (kg/m2), and the
predefined WHO categories were used, as shown in Table 1.










aastricht , on 13 Jan 2021 at 12:57:05 , subject to the Cam
bridge Core term






The second recommendation is to be physically active as part of
one’s daily life. PA was assessed by self-report, as well as using
accelerometers. Self-reported PA was measured using the Short
QUestionnaire to ASsess Health-enhancing physical activity, which
includes frequency (d/week), duration (time/d) and intensity
(light, moderate or vigorous) of commuting, household, work and
leisure activities in the previous week. On the basis of assigned
metabolic equivalent (MET) values (where 1 MET is defined as
1 kcal/kg per h) and the intensity reported, activities were cate-
gorised as light or moderate-to-vigorous physical activity (MVPA).
Data on weekly MVPA levels were used for classification into
adherence score categories according to the PA guidelines for the
Dutch general population, which advises individuals to engage in
at least 30min/d of MVPA on at least 5 d/week(19).
Accelerometers were used for obtaining objective data on
sedentary behaviour. Thigh-mounted tri-axial MOX activity
monitors(20,21) (MMOXX1; Maastricht Instruments B.V.) were
worn by participants 24 h/d during 7 consecutive days. Data
were collected and processed as previously described(22). Par-
ticipants were required to report sleep or any non-wear periods,
and these were excluded from the data. As there are, to our
knowledge, currently no public recommendations available for
sedentary behaviour, the cut-off values used for classification
into adherence categories were based on what has been
Table 1. Operationalisation* of lifestyle recommendations for the prevention of cancer by the World Cancer Research Fund and American Institute
for Cancer Research (WCRF/AICR)
(Numbers and percentages of participants with high, moderate and low adherence to recommendations)
WCRF/AICR cancer prevention
recommendations† Study data Operationalisation Lifestyle score n (n 145) %
1. Be as lean as possible without becoming
underweight; maintain body weight within
BMI Normal
weight
≥18·5–<25 kg/m2 1 38 26·2
the normal range Overweight ≥25·0–<30 kg/m2 0·5 66 45·5
Obese‡ ≥30 kg/m2 0 41 28·3
2a. Be physically active as part of your Level of moderate-to- High ≥30min/d 1 71 49·0
everyday life; be moderately physically vigorous physical activity Moderate ≥15–<30min/d 0·5 2 1·4
active for≥ 30min every day (MVPA) Low <15min/d 0 72 49·7
2b. Be physically active as part of everyday Level of prolonged sedentary Low§ ≤3 h/d 1 43 29·7
life; limit sedentary habits behaviour (in bouts Moderate >3 and ≤6 h/d 0·5 71 49·0
of ≥30min) High >6 h/d 0 31 21·4
3a. Limit consumption of energy-dense Energy density of foods Low ≤525 kJ/100 g per d 1 6 4·1
foods; consume energy-dense foods
sparingly
consumed Moderate >525–<735 kJ/100 g
per d
0·5 90 62·1
High ≥735 kJ/100 g per d 0 49 33·8
3b. Limit consumption of energy-dense Sugary drink consumption Low 0g/d 1 48 33·1
foods; avoid sugary drinks Moderate >0 and ≤250 g/d 0·5 85 58·6
High >250 g/d 0 12 8·3
4a. Eat mostly foods of plant origin. Eat Fruit and vegetable intake High ≥400 g/d 1 27 18·6
≥400g of a variety of non-starchy fruits Moderate ≥200–<400g/d 0·5 78 53·8
and vegetables every day Low <200 g/d 0 40 27·6
4b. Eat mostly foods of plant origin; eat Dietary fibre intake High ≥25g/d 1 43 29·7
relatively unprocessed cereals (grains) Moderate ≥12·5–<25 g/d 0·5 91 62·8
and/or pulses (legumes) Low <12·5 g/d 0 11 7·6
5. Limit intake of red meat and avoid
processed meat. Consume <500 g red
meat/week and very few, if any processed
Dietary intake of red meat
and processed meat
Low <500 g red meat/week
and <3 g processed
meat/d
1 2 1·4




High ≥500 g red meat/week
or ≥50 g processed
meat/d
0 93 64·1
6. Limit alcoholic drinks. If alcoholic drinks Intake of alcohol Low ♂≤20 g, ♀≤10g/d 1 93 64·1
are consumed, limit consumption to ≤2




women High ♂> 30g/d, ♀>20 g/d 0 26 17·9
7. Meet nutritional needs through diet alone;
dietary supplements are not recommended
Dietary supplement use No No dietary supplement
use
1 83 57·2
for cancer prevention Yes Dietary supplement use 0 62 42·8
Total score of 10 operationalised (sub) recommendations Minimum–maximum 0–10
PA, physical activity; ♂, men; ♀, women; CRC, colorectal cancer.
* Operationalisation used by Romaguera(17) unless specified otherwise
† The WCRF/AICR 2007 recommendations have been used. Three of the (sub) recommendations are not operationalised in this score: we did not operationalise the fast food and
the starchy food recommendation as there is currently no international consensus on the definitions for fast foods and for starchy foods, and these items overlap with the
operationalised other items with respect to energy density (3a and 3b), and plant foods (4a and 4b). Also the recommendation to limit salt consumption was not included in the
score, as the amount of especially added salt during meal preparation is difficult to measure, and not available in the study, and since this is less relevant to CRC because there is
no evidence for a role of salt in CRC aetiology.
‡ There was one person with a BMI <18·5 kg/m2. This person was included in this category.
§ Cut-off values are based on what has been previously used in studies relating self-reported sedentary behaviour to risk of colon and rectal cancer literature by Lynch et al.(23),
Cong et al.(24) and Howard et al.(25).
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previously applied in studies relating self-reported sedentary
behaviour to cancer risk(23–25).
The dietary recommendations are to avoid excessive energy
intake by limiting energy-dense foods and sugary drinks; to eat
mostly plant foods by having a higher intake of fruit, vegetables
and dietary fibre; to limit animal food products by reducing red
and processed meat intake; to limit consumption of alcoholic
drinks; to limit salt intake; to not use dietary supplements; and
for mothers to breast-feed their children. For the dietary
recommendations data, we used quantitative data on 7-d food
intake assessed by dietary records. Methods and procedures
applied for the assessment and coding of dietary records are
explained in detail in the Supplementary Material S2. Partici-
pants were asked to fill out a structured dietary record to
quantitatively assess food and drink consumption on 7 con-
secutive days. Dietary records were coded by trained dietitians,
and 7-d mean daily intake of foods, macronutrients and
micronutrients will be available for data analyses.
TheWCRF/AICR dietary recommendation scores were calculated
on the basis of the Dutch Food Composition table data, using
corresponding existing or created dietary groups within Compl-eat
(e.g. for red meat, processed meat, sugary drinks, fruits, vegetables).
Energy density (kJ/100g) was calculated from the energy provided
by all solid and semi-solid foods. Sugary drinks (g/d) were calcu-
lated as the amount of sugar-containing drinks used. Fruit and
vegetable consumption (g/d) were calculated from the reported use
of all fresh, frozen, dried and canned vegetables and fruit without
added sugar. Red meat consumption (g/d) was based on intake of
any kind of fresh raw red meat that still needed to be prepared
before consumption. Intake of processed meat (g/d) included
intake of any meat that had been preserved and was ready for
consumption. Calculation of total dietary fibre intake (g/d) was
based on the nutrient value from the food calculation table for total
fibre (g/d) according to the reported dietary intake. The same
approach was used for alcohol intake (g/d).
Dietary supplement data were collected during home visits,
through structured face-to-face interviews of the dietitians with
participants. Information on supplement use, type and brand,
ingredients, dosage and frequency of use was recorded and
registered in detail. The original package of the supplement was
used by the dietitians during the home visits to record type,
brand and ingredients. For operationalisation of this recom-
mendation, we used two score categories corresponding with
supplement use or no dietary supplement use (see Table 1).
To finally calculate the WCRF/AICR adherence score, each
recommendation was assigned a score of 1 point for complete
adherence, 0·5 points for moderate adherence and 0 points for non-
adherence. Predefined cut-off values of the WCRF/AICR recom-
mendations adherence categories were used(26). By summing the
scores of the ten operationalised (sub) recommendations, an
overall adherence score for the WCRF/AICR lifestyle recommen-
dations was calculated (score range: 0–10 points). A higher score
thus indicated a higher adherence to lifestyle recommendations.
Additional analyses with the Dutch Healthy Diet Index
As the Dutch CRC survivors in this study were mainly exposed
to Dutch dietary recommendations, we performed extra
analyses to investigate adherence to the national Dutch
recommendations for a Healthy Diet (DHD) and associations
with HRQoL outcomes. Adherence to these recommendations
was scored using the previously published Dutch Healthy Diet
Index score (DHD-i)(27), which is a continuous score with ten
components that represent the Dutch Recommendations for a
healthy Diet (2006) comprising one PA component and nine
dietary recommendations. The dietary recommendations are as
follows: (1) eat 150–200 g of vegetables/d; (2) eat 200 g of fruit/
d and up to a maximum of 100 g of fruit juices that naturally
contain folate and vitamin C; (3) eat 30–40 g/d of dietary fibre;
(4) eat two portions of fish a week; (5) limit SFA consumption to
<10% of energy intake; (6) limit consumption of table salt to
6 g/d; (7) if alcohol is consumed at all, intake should be limited
to two Dutch units (20 g ethanol) a day for males and one for
females; (8) limit mono-trans-fatty acid consumption to <1% of
energy intake; (9) limit the consumption of foods and beverages
that contain easily fermentable sugars and drinks. Methods and
results of the DHD-i are presented in the online Supplementary
Tables S3(a)–(b).
Health-related quality of life
HRQoL outcomes were measured by self-report using validated
and reliable questionnaires. The European Organization for
the Research and Treatment of Cancer Quality of Life
Questionnaire-Core 30 (EORTC QLQ-C30, version 3.0(28)) was
used to assess cancer-specific HRQoL. For EORTC QLQ-C30
subscales, including global QoL, and physical, role and social
functioning, 100-point scores were calculated, with higher
scores indicating higher levels of QoL and functioning. The
CRC-specific EORTC module CR29 was used to identify
gastrointestinal problems (constipation, diarrhoea, abdominal
pain, buttock pain, bloating, blood and mucus in stool, flatu-
lence, faecal incontinence and sore skin). The twelve-item
WHO Disability Assessment Schedule II (WHODAS II) was
used to measure disability. A weighted disability score (100-
point scale) was computed, with a higher score indicating
higher levels of disability. The Checklist Individual Strength
(CIS)(29,30) was used to measure self-reported fatigue and the
Hospital Anxiety Depression Scale (HADS)(31) was used to
measure emotional distress. Individual items from the CIS and
HADS were summed to compute a total score for fatigue (range
20–140) and distress (range 0–42), respectively, with higher
scores indicating higher levels of fatigue and distress.
Other factors
Socio-demographic characteristics (sex, age, education level,
and smoking status) and presence of stoma were self-reported.
The presence of co-morbidities was assessed using the Self-
Administered Comorbidity Questionnaire(32). Data on clinical
characteristics (cancer stage, age at diagnosis, treatment) were
collected through the Netherlands Cancer Registry.
Statistical analyses
In all, ten survivors were excluded from the present analyses
owing to missing HRQoL data (n 2), insufficient number
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of dietary measurement days (n 2), incorrectly calibrated
accelerometers (n 2) or missing accelerometer data (n 4). This
resulted in the inclusion of a final number of 145 stage I-III CRC
survivors (ninety-one male and fifty-four female) in the present
analyses.
Descriptive analyses of socio-demographic and clinical char-
acteristics of participants were performed. The adherence of
participants to the individual WCRF/AICR recommendations was
calculated for the overall population and stratified by sex. Group
means and standard deviations were compared for continuous
variables and absolute and relative frequencies for categorical
variables. Significant differences in WCRF/AICR lifestyle scores
between different groups (e.g. sex, BMI categories, tumour stage
and so on) were assessed using independent samples t tests or
ANOVA depending on whether there were two or more than two
categories for the groups, respectively.
Confounder-adjusted linear regression models were used to
assess associations between the continuous WCRF/AICR
adherence score and HRQoL outcomes. Main HRQoL outcomes
included global QoL, physical functioning, role functioning and
social functioning (EORTC QLQ-C30), disability (WHODAS II),
fatigue (CIS) and distress (HADS). Unstandardised regression
coefficients (β) and 95% CI were obtained from linear regres-
sion models for each of the HRQoL outcomes, representing the
difference in mean HRQoL scores per one-point increment in
the WCRF adherence score. Because some HRQoL outcomes
were not normally distributed, sensitivity analyses by means of
logistic regression models with dichotomised outcomes were
previously conducted and showed results similar to linear
regression analyses(22,33).
A priori-defined confounders included in the analyses were
age (years), sex, number of co-morbidities (0, 1, 2 or more),
smoking (current, non-current), education level (low, medium,
high), tumour stage (I, II, III), chemotherapy treatment
(yes, no), time since diagnosis (years), total energy intake
(kJ/week (kcal/week)), stoma (yes/no) and presence of any of
the gastrointestinal problems such as constipation, diarrhoea,
abdominal pain, buttock pain, bloating, blood and mucus in
stool, flatulence, faecal incontinence and sore skin (yes/no).
Regarding the sample size for linear regression models, we
applied the rule of thumb to use a minimum of ten participants
per independent variable included in the model(34).
In addition, we performed stratified analyses to explore
whether associations differed by sex, BMI (normal weight
v. overweight/obesity) and co-morbidities (0–1 v. 2 or more
co-morbid conditions). Next, as previous research in this study
population yielded significant associations of PA/sedentary
behaviour and several HRQoL outcomes(22,33,35), additional
regression analyses were performed excluding the PA recom-
mendations from the WCRF/AICR score, to determine whether
observed associations were driven by the PA or sedentary beha-
viour components of the score. Furthermore, regression analyses
were also performed with tertiles of the WCRF adherence score to
compare survivors with high adherence with survivors with low
adherence with regard to HRQoL outcomes.
Statistical analyses were carried out using IBM SPSS Statistics
(version 22; IBM Corporation) with statistical significance being
defined as P< 0·05 (two-tailed testing).
Results
Participant characteristics
Participants were on average 70 years of age (SD 8·7) and the
mean survival time since CRC diagnosis was 5·7 years (SD 1·9,
range 2–9). As previously reported, study participants were on
average younger, more often diagnosed with rectal cancer and
had more frequently received chemotherapy and radiotherapy
treatment compared with non-participants(22,33,35). Participants’
characteristics are shown in Table 2.
Adherence to World Cancer Research Fund/American
Institute for Cancer Research recommendations
The mean WCRF/AICR adherence score was 5·1 (SD 1·4),
ranging from 1·5 to 8·5 points. The degree of adherence to
the individual recommendations is depicted in Fig. 1. In total,
28% of the population complied with the recommendation for a
healthy BMI. Results for PA showed that about half of the
population reported to adhere to the MVPA recommendation,
and that about 30% adhered to the recommendation to limit
sedentary behaviour. There was a large variation in adherence
to the different dietary recommendations. Only 4% adhered to
the recommendation to limit intake of energy-dense foods, 33%
of survivors reported to adhere to the advice to limit sugary
drink intake and moderate adherence was mainly reported for
several other dietary recommendations. Fruit and vegetable
intake recommendations were met by 19% of the population,
whereas the majority (57%) had a moderate adherence to fibre
intake recommendations. Only 1% of participants reported to
adhere to the recommendation to limit red meat intake and
avoid processed meat, whereas on the other hand 64% repor-
ted full adherence to alcohol intake recommendations, and a
considerable percentage (57%) of survivors complied with the
recommendation not to use dietary supplements. Differences in
mean WCRF/AICR scores by sex are shown in the online Sup-
plementary Table S4.
Associations of World Cancer Research Fund/American
Institute for Cancer Research adherence score with
health-related quality of life
In confounder-adjusted multivariable linear regression models,
higher WCRF/AICR adherence score was significantly asso-
ciated with better physical functioning (β: 2·6; 95% CI 0·2, 5·1)
and with less fatigue (β: −3·3; 95% CI −6·4, −0·1) for the
total group (Table 3). Associations of the overall score with
other HRQoL outcomes were non-significant. Stratified analyses
by sex showed that the overall score was significantly asso-
ciated with better global QoL (β: 4·8; 95% CI 0·5, 9·2), better
physical functioning (β: 7·4; 95% CI 2·9, 12·0), less fatigue
(β: −6·0; 95% CI −11·8, −0·1) and less disability (β: −4·4; 95%
CI −8·2, −0·6) in women only. In overweight/obese survivors,
a higher overall score was significantly associated with better
global QoL (β: 3·1; 95% CI 0·3, 5·9), better physical functioning
(β: 5·0; 95% CI 2·0, 8·1), less fatigue (β: −5·5; 95% CI −9·3, −1·6),
less disability (β: −3·1; 95% CI −5·5, −0·8) and less distress
(β: −1·2; 95% CI −2·4, −0·1). These associations were
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non-significant in normal-weight survivors. No significant
associations were found in analyses stratified by number of
co-morbidities.
Removal of the PA and sedentary behaviour recommendations
from the WCRF/AICR score attenuated the associations with
physical functioning and with fatigue for the overall population,
as well as most results in women (online Supplementary Table
S4). However, in women, associations remained significant with
better global QoL (β: 8·3; 95% CI 1·9, 14·8), and in overweight/
obese survivors with better global Qol (β: 4·3; 95% CI 0·8, 7·7),
better physical functioning (β: 4·4; 95% CI 0·7, 8·2) , less fatigue
(β: −5·8; 95% CI −10·6, −1·1) and less disability (β: −3·4; 95% CI
−6·3, −0·7) (online Supplementary Table S5).
The online Supplementary Table S6 shows the results of
analysis of score tertiles. For the overall group, the highest
tertile of overall adherence score was associated with less fati-
gue (β: −11·2; 95% CI −21·6, −0·8); however, when comparing
these results with the continuous analyses, no significant
difference was found for physical functioning in this analysis.
In women, a significant association was found for the highest
tertile of overall score with better physical functioning
(β: 18·5; 95% CI 2·1, 35·0), but not for the other HRQoL
Table 2. Adherence scores for the World Cancer Research Fund and American Institute for Cancer Research (WCRF/AICR) lifestyle
recommendations, socio-demographic and clinical characteristics
(Mean values and standard deviations; numbers and percentages)
Total group (n 145) Men (n 91, 63%) Women (n 54, 37%)
Mean SD Mean SD Mean SD
Range
WCRF/AICR adherence score (0–10) 1·5–8·5 2·5–8·5 1·5–8·0
WCRF/AICR adherence score 5·1 1·4 5·1 1·3 5·0 1·5
Age (years) 70·0 8·7 69·9 8·0 70·0 9·8
Time since diagnosis (years) 5·7 1·9 5·8 1·9 5·6 1·8
BMI (kg/m2) 27·6 4·3 27·4 3·4 28·1 5·6
Physical activity level (h/d)
LPA (h/d) 2·1 2·5 1·7 2·6 2·9 2·1
MVPA (h/d) 1·8 2·1 2·3 2·5 1·1 0·9
Total PA (h/d) 4·0 3·2 4·0 3·6 4·0 2·3
Total energy intake (kJ/d) 8234·9 2019·8 9169·9 1750·6 6659·9 1361·6
n % n % n %
BMI (kg/m2)
≤24·99 39 26·9 21 23·1 18 33·3
25·00–29·99 66 45·5 52 57·1 14 25·9
≥30 40 27·6 18 19·8 22 40·7
Number of co-morbidities
0 35 24·1 24 26·4 11 20·4
1 36 24·8 24 26·4 12 22·2
≥2 74 51·0 42 47·3 31 57·4
Smoking
Current 16 11·0 12 13·2 4 7·4
Non-current 129 89·0 79 86·8 50 92·6
Education level
Low 37 25·5 19 20·9 18 33·3
Medium 48 33·1 28 30·8 20 37·0
High 60 41·4 44 48·4 16 29·6
Tumour location
Colon 78 53·8 40 44·0 38 70·4
Rectosigmoid/rectum 67 46·2 51 56·0 16 29·6
Tumour stage*
Stage 1 40 29·2 24 28·9 16 29·6
Stage 2 50 36·5 30 36·1 20 37·0
Stage 3 47 34·3 29 34·9 18 33·3
Cancer treatment
No chemotherapy 70 48·3 43 47·3 27 50·0
Chemotherapy (yes) 75 51·7 48 52·7 27 50·0
Stoma
No 121 83·4 76 83·5 45 83·3
Yes 24 16·6 15 16·5 9 16·7
Gastrointestinal problems†
Yes 54 37·8 32 35·2 22 42·3
No 89 62·2 59 64·8 30 57·7
LPA, light physical activity; MVPA, moderate-to-vigorous physical activity; PA, physical activity; CRC, colorectal cancer.
* Calculations for tumour stage are based on 137 patients.
† Gastrointestinal problems included constipation, diarrhoea, abdominal pain, buttock pain, bloating, blood and mucus in stool, flatulence, faecal
incontinence and sore skin and were measured by means of the CRC-specific European Organization for the Research and Treatment of Cancer
Quality of Life Questionnaire-Core module CR29. If any of these problems were reported, gastrointestinal problems were scored as ‘yes’.
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outcomes for which we found associations in the continuous
analyses. Results for overweight/obese survivors showed sig-
nificant associations of the higher tertile of overall adherence
score with better physical functioning (β: 10·5; 95% CI 0·9,
−20·0) and with less fatigue (β: −13·4; 95% CI −25·5, −1·3), and
not for the other outcomes for which significant associations
were found in the continuous analyses.
Results of the additional analyses with the Dutch Healthy
Diet 2006 index
Results of regression analyses of the DHD-i are shown in the
online Supplementary Table S3(b), and were similar to those of
the AICR/WCRF adherence score. We found significant associa-
tions of a higher DHD-i adherence score with better global QoL
and physical functioning in the overall group; with better global
QoL, better physical functioning and less disability in women only;
and with better physical functioning in overweight/obese CRC
survivors only (online Supplementary Table S3(b)).
Discussion
This cross-sectional study is one of the first studies investigating
adherence of CRC survivors to the cancer prevention WCRF/AICR
lifestyle recommendations and associations with HRQoL. The
present study population of 155 CRC survivors most frequently
had a moderate adherence to the ten studied lifestyle recom-
mendations of WCRF/AICR. Higher adherence score was sig-
nificantly associated with better physical functioning and less
fatigue. Within subgroups of female survivors and overweight/
obese survivors only, higher adherence score was additionally
associated with better global QoL and less disability. However,
when the recommendations for PA and prolonged sedentary
behaviour were excluded from the lifestyle score, most of the
associations were attenuated. This suggests that PA and sedentary
behaviour are important components of the lifestyle score with
regard to associations with HRQoL. However, some associations
remained significant and were less attenuated in women and
obese/overweight survivors, suggesting that other lifestyle factors
may also play an important role for HRQoL in these subgroups.
Several other studies in CRC survivors also reported moderate
adherence to mainly investigator-constructed sets of lifestyle
recommendations. This was observed regardless of the differ-
ences in the number and types of recommendations and the
operationalisation of lifestyle factors included across stu-
dies(7,10,14). In all, 30 and 38% of long-term CRC survivors from a
cross-sectional study were reported to adhere to two and three out
of four favourable lifestyle factors (non-obese, healthy diet,
recreationally active and non-smoking), respectively(10). Another
study reported that the majority of CRC survivors 5 years after
diagnosis were overweight/obese, not physically active and not
adhering to fruit/vegetable recommendations(7). Adherence to the
WCRF/AICR recommendations in a Dutch study in CRC survi-
vors(14) showed similar results compared with the present study.
We were able to operationalise an additional activity recommen-
dation regarding prolonged sedentary behaviour based on
objective accelerometer data, and additional dietary recommen-
dations (i.e. consumption of energy-dense foods, sugary drink
use, and foods of plant origin). Furthermore, we applied 7-d food
diaries to measure dietary intake, whereas other studies used food
frequency questionnaires. Food diaries enable a more extensive
registration of dietary intake. Inclusion of additional recommen-
dations in the score, as well as the use of more rigorous
measurement instruments in our study, have probably resulted in
a more comprehensive lifestyle score and better validity and
reliability of data used for calculating the score.
Interestingly, we observed considerable variation in adher-
ence levels across the individual WCRF/AICR recommenda-
tions, indicating that different individual score elements, and
thus different individual lifestyle factors, contribute to the
overall score of individuals. We found that the majority of
participants had a moderate adherence for several individual
lifestyle items of the score, including BMI, sedentary behaviour,
sugary drink consumption and fruit and vegetable intake.
However, adherence was very low for some other recommen-
dations, such as the recommendation to limit red and processed































































































































Fig. 1. Adherence to the individual World Cancer Research Fund/American Institute for Cancer Research (WCRF/AICR) lifestyle recommendations. , High
adherence; , moderate adherence; , low adherence; MVPA, moderate-to-vigorous physical activity. * The recommendation for dietary supplements is
operationalised using two score categories: the high-adherence category corresponds with no dietary supplement use, and the low-adherence category corresponds
with participants with dietary supplement use.
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whereas on the other hand it was high for the recommendation
to limit alcohol intake. Comparing our results with those of the
PROFILES study(14), they were similar for body fatness (BMI;
despite differences in objective measurement v. self-reported
assessment of body weight and height) and for the MVPA
recommendation, but differed substantially for other recom-
mendations as we found much lower levels of complete
adherence to the recommendation to limit sugary drink intake
(EnCoRe 33%, v. Profiles 58%), much lower levels of adher-
ence to limit red and processed meat intake (EnCoRe 1%, v.
Profiles 8%) and a lower level of adherence to the recom-
mendation not to use dietary supplements (EnCoRe 57%, v.
Profiles 75%). Differences may partly be explained by the use
of other methods to measure dietary intake and by differences
in populations included, as the general population in the
southern part of the Netherlands is known to have a more
unhealthy lifestyle compared with other parts of the Nether-
lands(36). Altogether, our results and those of other studies show
that there is ample room for improvement of lifestyle of CRC
survivors.
To our knowledge, no other studies have investigated asso-
ciations of lifestyle quality as measured with the WCRF/AICR
recommendations with HRQoL in CRC survivors. Some studies
investigated cross-sectional adherence to other sets of lifestyle
recommendations and associations with HRQoL in CRC survi-
vors. These studies showed that a more favourable health
behaviour score was associated with better global QoL, physical
functioning and less fatigue in CRC survivors diagnosed within
the past 5 years(7), and that adherence to a higher number of
recommended lifestyle factors was associated with better global
HRQoL, and better physical, role and social functioning in long-
term CRC survivors(10). One study reported results of adherence
to the WCRF/AICR lifestyle recommendations and associations
with HRQoL in a specific group of elderly female CRC survi-
vors(37). Our study also showed that higher adherence to an
extensive lifestyle score incorporating several dietary items next
to the components of body composition and PA is associated
with better physical functioning and with less fatigue in the
overall group of CRC survivors, especially in female and in
overweight/obese survivors. This suggests that there is potential
for lifestyle interventions for CRC survivors. Such lifestyle
interventions would ideally be multifactorially directed at
improvement of PA, diet quality and body weight (in over-
weight or obese survivors), to enhance different outcomes of
QoL. Furthermore, to enable translation of results into practical
recommendations, it is necessary to consider factors associated
with (non)adherence to (WCRF/AICR) recommendations,
which could guide the design, content and targeting of the
interventions to specific groups. Although literature on factors
influencing adherence to WCRF/AICR recommendations is
limited, relevant factors could comprise, but are not limited to,
physical factors, psychological factors and social factors(17,18).
Strengths of our study included the use of a comprehensive
existing set of lifestyle recommendations, as well as the use of
more rigorous and objective measurement instruments (the
dietary records, the accelerometer and objective anthropo-
metric measurement). However, despite careful choice of
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the assessments are self-reported and hence may be subject to
bias. In addition, it could be that, owing to selection bias,
individuals with a low adherence to the lifestyle recommen-
dations and low QoL and functioning and more fatigue were
less likely to participate in the study. Therefore, the observed
associations in our study may have been underestimated owing
to selection bias. Furthermore, our study results have to be
interpreted with caution, because of the relatively small sample
size and because of the cross-sectional design of this study,
which did not allow us to draw conclusions regarding the
direction or causality of the observed associations. Participants’
lifestyle behaviours and HRQoL were assessed at a single point
in time, and thus we could not determine whether adherence to
recommendations reflected long-term behavioural patterns.
Results therefore have to be confirmed in longitudinal studies,
such as the prospective part of our currently ongoing
EnCoRe study.
In conclusion, this study adds to the limited knowledge base
of adherence to lifestyle behaviours of CRC survivors and of
relationships with HRQoL. Our results indicate that the majority
of CRC survivors have a moderate adherence to the WCRF/
AICR lifestyle recommendations for cancer prevention and that
adherence to individual lifestyle factors differ across lifestyle
factors. Furthermore, our findings suggest that higher adher-
ence to the WCRF/AICR lifestyle recommendations is associated
with better physical functioning and less fatigue, especially in
women and in overweight/obese survivors. Longitudinal stu-
dies are warranted to confirm our findings and to assess pro-
spective relationships of a combination of lifestyle behaviours
with HRQoL in CRC survivors.
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